Supplementary Information

Geometric parameters of different hanging droplets
To improve the accuracy of simulation, the contact angle of hanging droplet was measured and the geometric parameters were calculated before building geometric models ( Fig. S1 ) in SOLIDWORKS ® and importing to COMSOL ® .
Figure S1 The geometric sketch of hanging droplet on freezing film
The volume of spherical cap shaped droplet is: Thus, if we know the volume and contact angle of spherical cap shaped droplet on the freezing film, the radius of spherical droplet will be:
The height of spherical cap shaped droplet will be:
The contact radius of spherical cap shaped droplet will be:
And the surface area of spherical cap shaped droplet can be obtained:
The geometric parameters of different hanging droplets used in simulation were
shown below: 
The heat transfer equation. Transient heat conduction equation with a source term is adopted here to describe the heat transfer process during vitrification:
where
is the volumetric heat source as induced by the latent heat releasing upon freezing. The heat source  is related to the degree of crystallization as:
where L (J/kg) is the latent heat. By substituting equation (S-10) into equation (S-8), the final heat transfer equation is obtained as:
Through this model, the spatial and temporal evolution of temperature and crystallization in the cell-laden droplets can be analyzed precisely to reveal the important characteristics of the device, such as cooling rate, the degree of crystallization, and final distribution of crystallization. Further, the required volume of droplets for an effective vitrification was calculated. 
The boundary condition of the freezing film exposing to the liquid nitrogen
When liquid nitrogen was boiling on the substrate of the liquid nitrogen chamber, the heat flux at the surface of freezing film depended on the temperature difference between liquid nitrogen and substrate 3 . With the decrease of temperature of substrate, the pooling boiling of liquid nitrogen would experience three regions, i.e., the film boiling, transition boiling and nucleate boiling 4 . The heat fluxes in these regions were different and would vary with temperature difference:
Where q is the heat flux. 
From the equation (S-12) and equation (S-13), the heat flux of of liquid nitrogen boiling can be obtained and shown in Figure S2 , and this heat flux was used as the thermal boundary condition in our simulation (Fig. 2b) . When boiling began, due to the high temperature of substrate and large temperature difference between liquid nitrogen and substrate, the boiling state was film boiling and the heat flux was approximately linear variation with temperature of substrate. When the temperature decreased about 120 K, the film boiling started to transform into nucleate boiling, and the heat flux was dramatically increasing to critical heat flux (CHF) in transition 6 boiling. This rapidly increased heat flux resulted in sharply decreased temperature of freezing film whose data were shown in our article (Fig. 2c) . When the temperature of substrate closed to liquid nitrogen temperature, the heat flux would decrease due to the limited temperature difference and induced the slow freezing rate in this region. 
Analysis of droplet evaporation
Due to evaporation was an important factor in our experiment, the evaporation phenomenon of droplets hanging on the freezing film was experimental and theoretical analyzed.
Experimental analysis
We used a digital camera (D90, NIKON ® ) to record the morphological variation of droplets after printing on freezing film, and the results were shown in Figure   7 S3a. We observed that there was a distinct volume decrease in 0.2 µL droplets at 2 minutes after printing on the freezing film, while there were inconspicuous change in 1 µL and 5 µL droplets. It indicated that, during the time region from cell printing to freezing (about 2 minutes), the evaporation of small droplets (0.2 µL) was heavy and induced the cells exposing in high osmotic pressure and toxicity then caused the death of cells.
Theoretical analysis
Evaporation of sessile droplet cap can be illustrated as 5 :
Where, the V is the present volume of droplet, V0 is the initial volume of droplet; D is the diffusivity of vapor molecular in the air. ΔP=P0 -P∞ is the is the pressure difference between the saturation vapor pressure of droplet (P0) and the vapor pressure far away from the drop surface (P∞). M is its molar mass, ρ is the density of the liquid, R is gas constant and T is temperature of droplet, respectively. The characteristic parameter θ is the contact angle of droplet on film surface, and f (θ) is a function of contact angle which considering the shape factors on evaporation: 
Changing the form of equation (S-14): 
Collating the equation, then:
Seen from equation (S-19), when droplet exposing in air, the decrease of relative volume of droplet (V/V0) mainly depends on the specific surface area of droplet (S0/V0). Therefore, the smaller droplet has higher evaporation ability due to its larger specific surface area. 
